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ABSTRACT

A FURTHME LTYEBTIGATION OF TIM INFLU ZNCE OF
WHO1IE-BODY VIBRATION AND NOWSONT6LO

-AND VISUAL ACUITY

4 OBJECT

To dre"r-Ae the nature A extent of chanes in visual acuity.
a.anual tremor, azd aiming tremor =Wder the inuflaue of intense
noise andlo7 vibration.

K&8USLTS AND COKOLUSIONS

to ' Differential effects an performance were obtained during exposure
to different iensities and frequencies of vibration. Performance
was most affected by the lower frequencies of vibratiou. The most
clear-cut differential effects between different amplitudes were ob-

taiiled at the lowest frequency (l0'cps). No pois-vibration effects
. were noticeable after 150 minutes of vibration, and uo variation in

performance could be attributed to noise, either duribW or after

txposure.

RECOMMAENDATIONS

T17 results of this study indicats that visual acuity is impaired

and both manual tremor *nd aiming tremor are increased during vi-

bration. Performance or tasks requiring hand-eye coordination,
such as driving in narrow limits or tracking a target, might also be

"npaired. Wherever possible, vibration in motorised vehicles ebou.z"
be -educed.

ow-,- - -



5'e October 1954 by-
M.Loeb. Psycioiopot

U, the te hncal1 966istance of
wijiial M. Bass. PsyCcaooit

rtEe . Roberts, Sgt

Mafr L anuIe. ,p

APPROVED: AA

Dire rt of Resat ch

APPROVEDi:

Lt C010oio, MC
ComnmatrIua

AqE



FURTHER MEVSTIGATION OF THE. W~FLUENCE
OF WHOLE-BODY VIBRtATION AND NOISE ON

Tl EMOR AMD VISUAL ACUITY

lo, a praviou~s experimnt (6), a nuber of pychrophysicoli -

inort axps tenknw o: shoe ibr tat btion i osesMos

tratthett of plooplressurt atnd pulsec tento e iectf-
lyt~ b pooirlt h pio o h vibration. Tomaueheer ari saed
twat nticay impirede is prooado vbrt the artue ofpthen
viorton. Trlemoubects supprtwo suc peW. onesa ~se 25 siadt
45 cp havd ibraeter bta not midr ltpth ate. n uo

(It hoa been know fsorlatsme eoasd that vibrationcsa
imfatrena il rdue nIaeret of visual acuity. oran(,2 n tvn (11)
believe lpitm to be purel mehaaoo taftet dCe by a caprvrt
thbatio h eteto of he~ama ermyp fouento ten reabe dire-

Kly nroportiof intto . havmpiue lte vtuiedathen e as o stated

oha vsaln acgityon tue Ia coitratio tsd aret thed
ot po he effjects od'eek7) peaks, out geea en -

h45csandthe vstel abetwen6 b (4) Otpes. epor lite beingmst
* ~ ~ rofsunl cuity1) Inr black bet erCoon suggtfeldtd Oat thear-

isonly whe objk esnace a lck fiealy ewe (i0 An prviu cpvs
~.() Croo the pUse aucithorU demostrated oa Vibraefetion

ot th visa feld roduceae aManual teof viedr cit 3
*# imiimn i zd oeh smaller fln ha ounedery hay V1orZe

virto ftebd rhape1sCot h o&om h



* FU'RTH-ER INVE8rIGATION OF THE INFLUJENCE
OF 1*1OLE-BOflY VIBRATION AND NOISE ON

TRIEMOR AND VISUALAJCUITY

I. XWC'.ODUCTION

in a previous esperiwent (8). a number of psychophyoiologi, -
cal meatures were tested as possible indices of disturbance dur-
lug or after ampasure to whole -body vibration and zioise. Most
of these measures~lAcluding tests of tapping speed, wirvor trac-
ing, simple and :hoic: reaction time with and without warning,
strength of g".p blood pressure, and puse rate, ware little At-

feced y niseor ibrtio. 1womeasu~res, bowever, vre
considerably wtth the *skprlmental coaditiono, Visual acuity
wa noticeably impaired in proportion to the amp~litude of the
vibration. Tremor, in a supported heAd, increased sluaificatly
under heavy vibration but not wAo~r light vibration.

It has been known for isome time that vibration produces an
impairment of visual acuity. Coerxmaa (1, 2) and Stevens CRI
belioed it to be a purely meehenien eliect. Goorme reImri~d

* ~that %he extent of imp~rnmat at ay £re.laacy teoos to be direct-
by prapertioab to the aviplitad &fte vibration. He. alvio stated
tiut at say gives amplitude at head vibration *-ere are asswea~4
701110es04a106 points. or rofo impikirenest, at various frequenies.
Mdost of! his subjectssoe two suck pisa, *a* between 25 andI
45 cps arA the- ether between 60 sod " cps, IMe latter being most

* pronounced (1). Is another yaper Cormum su~estd tdat there
is only .e sch resonsace peak, psarakby betwen 50 md S0 cps
(2). G~reek and his associates bare desatrated &hat vibratie
oftie visual feld Produces an ingot*ofvsual acuity 0).
AIis impilivent is smoller "~a Whas predtamed byt a oomparae
vibration of kno body or bead, perhap s to the reauesc ph.-

L W-4 isosin described by CZ a

A aumber of investigators have stuvdied the aU'tats of mAise
on vim SO42 ofit onc the val. snmast lhresbea lo * y to
"~t 61ree on the eats taProdused (?). km.e tapmt a gWrab ea -

haaceMent a( Wl&VA1 acuity (4). OthrS repOrT an eaheaceMeut
of vional acufty for black c&JAto ca a Wte Soeld sad an impiair -
went fipr whits objects oar. blinek field i(6), A previous tsva etiga -
tion (5) by ths present author demonstratid so guch affetAs.

Cocrmanu found an increased wanual tremor under light

r is tion P_ ad Fx aom ewsht sma' e r incviae unde r beavy v ib'.



VisuaI Acuity

Aa in the previous experinent (8), the atimulu,) o'"'
, visual acuity measuremetts wis the projected-image of a K ont

ruling placed 10 feet from a subject and eseen througe a circular ape,
ture 2, centimeters in diameter. The image was 1. 63 foot-l.iLert9
In intensity and consisted of altervate black and white bars equai in
width. The coarseness of the grating as well as the orientation of the
bars could be altered by the experimenter,

The test object was first projected ; thpt it was easily
visible to the subject who was told to indicate with an eleceric sig-
naling device the directions of the lines. Fovr orientations of the
grating were used: horilontal, vertical, and two diagonal positions.
At any given coareeness each of these orientations was presented
twice within a random order. The co rseness of the grating was
progressively reduced until the subject reporteAf that be could no
longer see bars and spaces. At this point he wee still required to
quezs the orfimtti-. n zS th. ise of the Srat". The Last setting of
thn grating at which t Im subject nade two corvect identifications of
the horizontal orientW.cs was 6*kor aro his thresholA. Stiatings wave

read directly from the scal* atr had to the Clason eector. Ie
scile is based on decimal acuity. (Deciail aculty readings are clinical
measurements conavTtad to dieomals. Thus, 20/20 viosi* oorreuponds
to a decimal acuity Of i. 00t 20/40 to an acuity of 0. 50, etc. ). The
subject's chances of gu isix corretly the orientAflon of the grating
at any glvsiq -.att4j* gme taly c in sixteen, and at iwo osecutive
settings only one it 256.

1. Vibration

The source of r4bratlo, h."* bass describm* Is a previous

report (0). lSsentially, it f.-MlOsted .f a S4.e-uiPd p1atZOWM
which vibrated siausoidaliy im a ver(cal plane at fraql&.rcles ranging
from 5 to 40 cpe at poak-tm0# a pUMtide. up to Oue-hllf inh. In
a preliminary e p riumat ampUtt *vr 1selds of iame$Ute saoyance
and andurability were 4Oewmwuied W14 1) lotra ola ptlyAlM-i0 at
frequencies of 10, 2&, wW 55 epi. The throeehold are disousied
later in the resport. It seemnd d: strablo to staki tsh two levels of
vibration (# "light" and ,'hATY" level), vasttslii degtee of dis -

:c the ntboc. and net lkely to be isjurious over a 2 1/?
-qor period. The "light" level was *stablished at the mean annoyant.
:hrcehold, while the heavy level represented the arithmetic men of

3



*L'umnyance and endurability thrshiolds. The "light" leve', 0oi'
*'iiined gave root mean square (rms) values of 0. 0Z4 inch at il ,i,

0 012 inch at 25 cps; and 0. 011 inch at 35 cpa. The "heavy" levele
t rm a) we re 0. 04 inch at 15 cps; 0. 020 Inch at 25 cps; and 0. 019 izwrh
at 35 cps. The "1 light" levels were picked an levels which would be
a t leat mildly disturbing to the subject. Since the threoholds were
secured at minmumn exposure, it seemed doubtful that subjects would
endure the endurable or "barely tolerable" levelto for an extended
period or that such exposure would be advisable. The mean of tha
annoyance ano tolerance threshold was therefore established as a
more tbsan annoying, or "heavy" level. One-third of the subjectis were

'/. vibrated au: 15 cps, one-third at 25 cps, and one-third at 35 cps. All
itubjecte were exposed to both the "light" and "lheavy" levels of vi-
bration at their respective frequencies.

-~ 2. Noise

"Light" levels of vibratica previously described produced
no more thawx 95 deoibels o! solo* anA the "?aeavy"l levels producedi no
more than 105 decibels of &oleo. In Ike noise condition of this study
a recording of the platform noise wae played at 115 decibels. (Thic
I& a change frmavu the eupwrimewl 4&uaribed p g-'ioialy (B) in which a
98 -decibel noise source was as"d.) The recording waa made a an
Ampex recorder ad played threugh a Noran ampdifie zvA %ia Altoc-
Lwnsiap coaxial speaker. The platform slis hid a relatively wide
frequency spactrwu'e concentrated priscipally below 1000 cps. The
measurement of 118 docibs.le -wa tken at the positiot. of the head of

* thr, subject in a frec field with aL Hi, H. Boott souaid Vlivel meter.

3. COMMro

Xa*i catrol nowd1tys tSbore was no vibration sad no
noise except ambient noe* which vaied between 60 MAn 65 decibels.

C. 2.A~

N Table I lists te squecs# of t.ott conditions used in the
study. There were 24 possibla cosie sequenges a&M 6 possible
test sequences - a total of 144 test conditions. Although the same
combinations for each of tkree vibroaioquoeneioe would have been
deeirable, a total of 432 subjects uAd as inordinate amount ef time

Z ~woUld have been required fOr complete COUSterAlaacisg. In Practice,
Itetit soqueince was pired randomly with each of 6 canditioa sequen,-v

wasn assumned that the order effect from the second to the thirf
t~~y I ai~quence (overnight) is le hnta rmI~f

-:l or the third to tho fourth 11~ 4 +myv). The, it, . e



"- -e zelccted courtterbaiance. order efftcii% within a gives.

I.UM"J6ITAL BEQcEX
M.CE CF DIlON ONO= OF T'"

Day I Day2

LaNC AWM

HL HC VA
CL YM MVA

WLCj-
*VcA of the *eWv. I Ospisetlms of 0o0dtie tiuso" .i test **epf vw
StJ Mimed for $ &i *t onf *so &hre were thre

f s'q~aOVe ( Mt e5.S 34 0) " a total 0f Is oe*biatloss of oqutg.M.
ai ) freqt m es woo etillas.. A rades wore of time 11 a estaliebd mt
.oob o4sj ot Was Gooiped to a c MAIstt Il order of arrAvl at the laboratory.

Three evcessive repetitions of each test constituted att

experimental trai. Trial A was admilstered prior to exposure tov,, a conditioni Trial B at the bglayit of exposure; Tral C after 40

minutes of kxosur; Tial D after 80 minutos of exposure; e1I4l Z
2 hours after the bogint\\; a d Trial IF immediately after cessation

>,'.of exposure. The aver isj Uwe per" tril was 20O minat r, and all
exposures were for 2 1/A hours. It was felt that 4 trials were

Opacl ,rather evenly through vt exposure, Wewpovtt ,ihaages during
exposu-e would become apparent.

P. gAblecte

The 18 subjects wwre traises from the Armored Center at
Fort Knox. They were between 18 eAM 1S yers of &ge, ia ood
physical conditiong and within the normal rau.e of Intelligsce. All
appeared to understand the inetructlons.

In. RZSULT8

A. Thresholds

Table 2 summiarles threshold data obtained for 13 pro-
feosional end technical members of the laboratory staff. Standard
deviations and standard errors of means are ivclfdd only as a matter

f general information. They cannot be used.to test significance M
.tf- ences aince ali means were obtained for the same 13 people



.' given are ampiitudes of platform vibration Ih,
1)1 Hc-at vibration are oomiwhat arnaller than the swated a.t

tuues d-, to lack of rigidity of the tank bucket scat. It is notek.
that thresholds were considerabiy lowered between 15 and Z4 c-i,.

NTM but were almost the same at Z5 and 35 cps.

".m.s." Tmwtng OF 'AfIOYINOs 1 7OLURAM'.V5TATION

(FL0.ar* Laches of *l1tw1 of platfors vibgtlts)

4.

W* A* weua A*it

M .024- .0017 12 A .1
7. .0151, .011 .002 .1 0
7 .0013" 017 1 W .01?I .07 01

NA 'Awtviabev Thresked.

11 3? Droly ToilisbA.' at 'D~aux1Iity' ThreshoLd.
IL

Figure I and Table 3 present thii thresholds of visual acdty

before, dtrig, "d after eoxposure to the expoerimnt. condiona.
Table 4 indicates the siguil chte of the cbanges. Variances ,due to
experimental trial and exprim#*.*1 cowlitions were sgnlficant beyond

* ;the 0. 01 level, while interactions of these variables and iateractions
involving the frequency variables were Xenerbllf siaftcaat A
further i6nalysia 0 iudicated that during exposure either to light or heavy
vibration visual acuity was impaired oiSnificaniy. The difference in

impairment between light and heavy levels was conusAerable and con-
sistent on repeated trials at 15 cps. At 25 Sad 35 cps, differences
were smaller and not consistent. Impairrmmts were considerably
larger at 15 cps.

There were no systentic or significaut dOfferences between
trials during exposure to Che expelmental conditioUs, nor were there
any apparent chanes r,.sulting from exposure to any experimental
condition. The noise employed in this expgirimpnt did not significantly
affect visual acuity.

A-.iiI4ble on re-j~~*t.
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TABUi 3
EmZnT OF NOXIE AW4D VIMtATIc*W ONI VIjtAL AMI-rr-

~ d ~~gs of lgwIaiuty,

F~r ~lbomn Nog.t mpsg my~i VUkSu x~af ikpowr.

1.4 0.4 0 GA -m -. 010 .1 1" 11 1.04 *.-3

.5 0.41Lo.0.0 1.0.0 03 0.30.42 235 123 0.2% 1.11 0* 10 1.0# 0.1$ *.ul 0.17 1. 0.25
m ~Nei"

Pes- 30"

I~u774 Pt. .Pe Pa ps(q.) ~gsu,. ~ I fn gea,~~~

TAUg 4
w4 c.a a mmi' ma um o w a a v

- , bsk.& of aa

V. u.w Z.7

12 1.5') 0.40 AO

L TriA. WA*8300 *

X1
'tv

law lo AD-0 <V 5 46

U ~ ~ -w "*a 40 8 A

-n AoAl M g <0V ~AM 555 .001 IA0 V..(0



u. Manual Tremor

Figure 2. and Table 5 present means of manua' , o

before, during, ani after exposu-m to the experimental conditior,

m%
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UTEIMS OF NOISE AJND VILQlAT!t4 ON4 MAfUAML ThREMOR IN A SUPPORT.) WNI

Noun and flub~ll of Mnwl~u Tr~m
1 Fs&"wt* Coditios

- -Ccg.1 LAght VLirtion

Vibrution ProPt- P Pot-

(cps) tN H N H N f H

is 10.7 15.0 3.5 10.0 3.1 5.0 3.1 10.7 54.1. 225.0 4.1 5

K' t 1 . .0 8.7 22.3 5.4 (.7 12.1 27.0 13.4 60.0 7.2 11.3

- -4 - a - - - - -. -

35 3. 5.3 5.8 P3 2.4 7.0 5.3 11.7 6.5 24.7 2.3 7.7

.ibati n I t. ft N * ft

is 10A 31.0 112. MA 4 .7 "A. __57 . 21.0 3.9 4.3
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, surnmarizes the analysis of variance. Variance between
. between experimental conditions, .he interaction of these

v:ar ablea, and the interactions of frtquncy with these variables
were all significant beyond the 0. 01 level. Further treatment of the,
data* revealed th'ot noise did not clv.it'Icantly alter .maniual tremor.
The vibration means did not differ significantly from the control,
nor was there a significant difference between trials de.ring expoeure
to vibration. Manual tremor increased significantly while undergoing
both vibrating conditions. Ihe significant interaction of frequency
and e2perimental condition is shown quite clearly in Figure 2. It is
apparent that increases in tremorwer4 .onsiderablygreater at 15 cps
than at higher frequencies, and that the difference in impairment

between "light" and "heavy" levels was Larger and more consistent
frorn trial to trial at 15 cps. Differences between trials during
exposure were not significant.

D. Aiming Tremor

A.1 1. Comparison of Trrnor Scores in Different Directions

:It was origually plaa e that the four tremor scores
would be combined into one. Upon inspection they appeared to be
represenbttive of different populations. Sip tests indicatedethe

. tremor to the right did not differ appreciably from the tremor to the
left. The tremor upward exceeded the tremor to the right, and

, tremor downward exceeded tremor upward (both beyond the . 01 level).

Consequently, the four measures were ,ot pooled.

Z. Effectu of Noise and Vibration

F igures 3, 4, 5, and 6 represent the variation of
different componente 4f aiming tremor with the Ozperimeatal COS-
ditions. Tables 7 and 8 list the Means sad ra"ges of vertical aiming
tremor before. during, and after .zpome, ad eummatines the

4. analysis of variance for that measure. Downwares tremor was so-
* )ected for this analysis since it feomed ,st sensitive to vibration

effects. It is apparent from Table 3 *A from extensions of the
.,,.,,jt s** that noise did not affect amtn qg tremar, but that tremor

i vailable on request.
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*was increaeeO significatly duriag vlbration. As In tbe case of the
other mesavures, introase it& tremor was gasateet at the 15 cps, and

* the difference in inerease betWeen the "light" 4knd 'eavy"N leVelS WaOO
greatest anii most consistoat from trial to trial at this freqVuucy.

A. Taleranc* ThreshoLds

It s nt bow wee valusts of svnoysnco and tolerance

*previously rep#orted byRiher adMitr(0 ergtro n

aqua res or peak-to -peak amp1tude a. X'vtuaf dmping is tken into
icosk~ration. by mnltipyin'la all va~.en by 2, the vidvoe ebtaiseG are
obvilously b4ghew than tke, Keller s" Me~skthr~owld# .mta"o

')thew ,~~inaesds4s4b Jaaeeay (5).M*)wr the
"heavy" ie'vels are roA*AvjrablY Atove fth 3.eAShV 4 muster teter-
anice values. TMe tbresol at 15 itpe was lower the rhs eported
by Muller (9). '

-~ * T iFoeranct iasA btane yUec ad Maister wro aipros4-
matly 02". . 007?", and 00kO" at 15. 1S~, "td 3b cps, respectively'.

1/A-iirr repor'ted a*thraahold of 0, 79i 5 pj



The- rvason for these discrepanciea iO not clear. P' ,
<.. "he subjects may account ior the differencee it he

.terznt experimetntv. The practice of using "tolerance" -or
'annoyancel; thresholds as limiting values of vehicle vibration if
questionable. Thresholds differ from one --ppriiment to another,

' probably as a r,*%ult of the morale and motivation of the subjects.

wording of instruction, and other tdetormined variables. Moreover.
-, even if sublective thresholds wore consistent and sI*le, there wouLd

be no logical reason to assumt tkat such a threshold represents a
l-mit of safe vibration. Certainly, some personnel (e. C, . drzp -forge
workers. gun crews, etc-4, while not awtre of possible effects, are
willing Ao work it. noisy onvirenmento which may eventally damage

their hearing,i!B. !.mrw nt.

It appears that visual acdL~y is impaired and bota mimtal
Stremor and aitistig tremor are Increased during vibration. There

was a toency for these effects to inciease with amnplitud* but the
tendency was not consistent at higher frequenciev.

It might be objected that ** "heavy" ad .amplituades

-., at 35 cps were much lese thM the correspoodiag levels at 15 cps.
Thersfore, if amplituge determined the observed decremnent, it
mitht be expected that the higher frequenctia would produce less
effoet at a glve sub ective level. "1git'l levels were 0. 024 inch
rw , 0. 41Z inch, and 0. Ol I Inch at 15, 25, and 35 cps, respectively;
cotrepon4iu "lehovy" values wer 0. '4 inch, 0. 010 i-4h, and 0. 019
inch. ) Howaver, *a ct dot the eoxcrsion was halt am great at 115

-o es sh a n be C P.At ,i- CON' by t* tact that the movements ocrurred
one and three-quaxt*rvs timem so otter, Moreover, the effects at 35
cps were obvoutaf poalle, han thOwwi at 25 cps, even .ough the
aimplitudes were i trokt.el|y the e' ne.

transmision of vlibrtaon In L e4i &y r s ; . 4t.hr f&quencies.
V Since( ;arts affected (e.. b*td e;.. tadb ws, a.i arms) are

at differ-nt distances froim the vibt ,fit votgrc4 an probAbly -4ft@
considerably in nWtural frequency, ertent o( ltuiimwnt *'Rhk ditfbv
according to the nature of the tap, (as appeared to be %e eib i the

rsotstudy).

-f only r .'eaanic.l factors were oporet/v-, It rnimit be tr
ted that h1v er amplitudes would produce consIeatntt "tr-: de r

,' , ;ower arnplltudes Rt a given frequency. This. -r. t o
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regarding impairment of vi'iiai acuity at.

antrI it, auning tremfor at 2b'i or 35 rpa. It ii possib!.
V n- frequencies the higher amplitudes brought comp-nt.zat

nirna into play, xhile the awer amplitudes did not. ( te "
accord wit1h Coermann's interpretation. ) On the othe.x hand, the I'l
cps tbralon, being considerably less attenuated than vbrationi .t
25 ,nd 35 cps, may have beeki so large at the higher am-plitudes that

rompenaation wai not feasible.

An alternative explanation might be that inconsistent differ-
ential effects between xmplitudes at a given frequency ,night reflect
changes in body position or body attitude (slumped or upright, relaxed
or tense) which would alter the attenuation characteristic,. This
latter interpretation would not explain why difference- between ltvels
were so much more pronounced and consistent at i5 cps than at Z5
and 35 cp;. A Ntiure experiment might mindrnize thi. factor by de-
lberately controlling body attitude.

Statements as to differential effects at various frequencies
and interpretations of such effects should await the results of more
extensive studies, employing larger numbers of subjects. Results
of this study do not entirely aree with Coermann's. He reports a
greater trem our at low amplitudes than at bigh amplitudes at a giveam
frequency and implies that this effect is due to compensation on the
part of the subject. It is not clear, hov ever, whether he is talking
about tremor during vibration or after vib,ration. In the frequency
range in which the experiment was performed, his after-effects were
nil, as they were in this study, Results ipt the hither frequencies in

this study (close to Coermanns lower frequencies) sugket 'hat morne
sort of compensatlon on the part of the &ubject may have bea o,."ting.

V. SUMMARY

Mean "annoyance" and "tolerance" levole under vibratio
were obtained for 13 laboratory personael at 15, 25, and 35
sinusoidal vibratlonv. Arbitrary "light" levels were e'p t the mean
annovance levels, and "heavy" levels were set at v to intermedlate

vibr:.t 1; ; 6 t ?'
between the annoyance and tolerance levels. Al'A subjects wnrv
exposed -o both low snd high level& of vbr,'.,4*, 6 at 15 cps; 6 at Z5
cps; and 6 at 35 cps. The 18 subjects v:fe tetd for visuta ecuity,
tremor in a iupporU.- hmrnd, and i,'.,ming trmor. Tests were per-
formed once beforr, exposure. Loul times during impourc, rird ,
after exposure to pach iv' ratfnil condition, % 115-decibel note-C

- '..ittn and a 04' "I'itiOn. O -tral ly speaking. , i ring
I'l Vitt", - wan irapaircd aind rnanu.1 trerxvr 3,f A
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-. r !ere rrocreaoed whilz noise h-ld no zffcct. F et ,
f. ,o unct.! at 15 cpo than at the higher frequencies. C1-ar

diffe-ential effects between "light" and "heavy" vibration wer re,
nly at lower frequencies. Poenibie explanations for the latter .

were dicussed.

, VI. RECOMMENDA TIONS

Extensive curves for visual acuity, aiming tremor, iind manual
i% tremor during vibration should be ottaine4, employing a greater ,

variety of frequencies asnd a inplitudes and a greater ib- . 4 Sub
jecto in various body positions and attitudes.

When hand-eye coordtlaation is important (e. g. , i irning a gun),
ca- i chould be taken io redace 'vibration, eapecip" at to--xr
frequenciee.
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